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The research and application of laser beams is an important aspect of the developing
high-tech in nowadays. Crystal elements are always playing an important role in the realiza-
tion and application of optoelectronic devices, such as optical polarizer, optical compensa-
tion, optical switch, etc. Therefore, the study of laser beams propagation in the anisotropic
crystals with various settings possesses profound theoretical and practical significance. In
this paper, by selecting the Gaussian beam, which is representative, as the research object,
we study nonparaxial optical propagation in uniaxial crystals and paraxial propagation in
gyrotropic crystals, respectively. The main work in this thesis are summarized as follows.
Firstly, we start from a less complicated situation, derive the equations describing the op-
tical nonparaxial propagation in a free space. To deal with the highly oscillatory integral
with Bessel functions in the formula, Agrawal et al. used to make an approximation by
changing the upper limit of integral to infinity. Here, we introduce an asymptotic expansion
method based on the theory of integration by parts. By benchmarking against the accurate
numerical solutions (Clenshaw-Curtis method), we draw a comparison between the analyt-
ical asymptotic expansion and the previous approximation by Agrawal et al. It turns out
that the previous approximation is valid only in small f region(f < 0:2), while the analyt-
ical expansion is accurate in large f region (f > 0:12). As an application, we extend this
method to study nonparaxial propagation of Gaussian beam in uniaxial crystals, and derive
the expressions for all circular components of optical field, based on which the feature of
nonparaxial propagation is revealed. Moreover, we study the evolution dynamics of the op-
tical powers, and find that the sum of normalized powers carried by components E+ and E 
do not equals to 1 in the initial stage. Furthermore, as the propagating distance increases,
the normalized powers of both components do not approach to 0:5. These two points are
both different from the paraxial propagation situation. In the second part of thesis, begin-
ning from isotropic crystal under external magnetic field, we study the propagating features
of the Gaussian beams in uniaxial gyrotropic crystals. As a left-hand circularly polarized
Gaussian beam is selected as input beam, the optical field is expressed by angular spectrum
representation. Meanwhile, we introduce a new numerical method called stationary integral
method, to solve the double integrals containing highly oscillating functions. Based on the
numerical calculation results, we analyse the features of vortex generation, anisotropic dy-
namics and power conversion between field components, under the influence of magnetic
field.
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